A case of severe methanol intoxication (1300 mg/L) was associated with markedly increased serum creatinine (490 mg/L) despite normal urea valuesand the absence of any other signs of renal disease. These values declined progressively to normal, and the patient recovered with no visual impairment. Additional laboratory experimentation suggested that the high creatinine value was probably ascribable to some unknown foreign material(s) in the patient's blood that reactedwith the alkaline picrate used in the measurement of creatinine. One of the presumed metabolites of methanol, formaldehyde, reacts with creatinine but the product does not react with picrate. We believe that the foreign material was derived from either commercial preparationsof methanol or contaminants in the patient's drinking water.
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Severe methanol intoxication is most often associated with marked metabolic acidosis, blindness and other signs of neurological degeneration, and death (1) (2) (3) (4) (5) . These clinical effects are caused by the metabolites of methanol rather than by methanol itself. One of the metabolites, formaldehyde, causes retinal damage by impairing oxidative phosphorylation in the mitochondria (6) . However, formaldehyde is very rapidly converted to formic acid and significant concentrations are not found in serum from patients who are heavily intoxicated with methanol. Autopsy examination on patients who died from methanol overdoses failed to reveal any formaldehyde in the blood, liver, or kidneys (2, 5) . Furthermore, in a case report of the deliberate ingestion of 44 g of formaldehyde, only trace amounts were detected (7) . Studies have shown that the acidosis produced in both methanol and formaldehyde intoxications is the result of formic acid accumulation. The prevailing view is that formate, not formaldehyde, is responsible for the toxicity (8) .
We conducted investigations on the serum of a patient who was heavily intoxicated with methanol, in an attempt to explain the extremely high serum creatinine values observed. Because formaldehyde is highly reactive, we initially guessed that it might react with creatinine to form a product that was reactive with alkaline picrate (Jaff#{233} chromogen) but for some reason was not cleared by the kidneys. However, in vitro studies of control patients with high creatinine concentrations but no methanol ingestion showed that, although a product of creatinine and formaldehyde is formed, the apparent concentrations of creatinine decreased when formaldehyde was added, suggesting that this product is not a Jaff#{233} chromogen.
Case History
A 55-year-old white man was transferred to Hartford Hospital after suffering several short episodes of grand mal seizures. He had been found at home, unresponsive, lying on the ground next to his car. A small contusion was noted over his left eye. He had a history of alcohol abuse. Just before transfer to this hospital, the patient had been given chlordiazepoxide 25 mg, thiamin 100 mg, phenytoin 100 mg, dexamethasone 10 mg, and tetanus toxoid 0.5 mL. Although his serum bicarbonate concentration was 3 mmolfL, he was not given any replacement bicarbonate until his arrival at Hartford Hospital.
On arrival at Hartford, the patient was obtunded but reacted to painful stimuli. He was discharged after two weeks to an alcoholic rehabilitation center and left immediately thereafter, against medical advice. Followup examination nine months after admission showed the patient in good physical health with normal serum creatinine and osmolality.
Materials and Methods
Creatinine and serum urea nitrogen values were obtained with the Astra 8 (Beckman Instruments, Inc., Fullerton, CA 92634) according to the manufacturer's specifications. Serum creatinine was also measured by "high-performance" liquid chromatographic (HPLC) analysis with post-column denvatization (9) with alkaline picrate. The resulting Jaff#{233} reaction was monitored at 510 nm. Phenytoin was measured by an HPLC procedure for antiepileptic drugs similar to that described elsewhere (10). Methanol was determined at the Connecticut State Health Department Laboratories by a head-space gas-chromatographic method (11) . For ultraviolet spectrophotometric measurements we used the Cary 210 (Varian Instruments, Sunnyvale, CA 94086). Creatininase (EC 3.5.2.10; creatinine amidohydrolase) was from Sigma Chemical Co., St. Louis, MO 63178.
Results
As shown in Table 1 , the serial creatinine concentrations sampled at various intervals after admission demonstrated a marked apparent increase, which gradually returned to normal within five days. Despite these high concentrations of creatinine, urea nitrogen values were normal and even slightly low throughout this period (Table 1) .
Urinary methanol concentrations were very high and atypical, in that urine values are usually lower than serum ones, only about 3% of ingested methanol being excreted unaltered through the kidneys (12) . We cannot explain the reverse situation found in this patient.
To determine whether the increases in creatinine observed in this patient's serum were due to true creatinine or to some other Jaff#{233}-reactive chromogen, we added 3 U of creatininase to 0.2 mL of the patient's serum, incubated it for 10 mm at room temperature, and measured the amount of creatinine remaining. The results (Table 2) show little change in the measured creatinine concentration. Control specimens and specimens from patients with high concentrations of creatinine showed little creatinine remaining when similarly treated with creatininase. From these studies we conclude that an interfering compound that reacts with alkaline picrate, but AJL ,\reJ#{231}rtnIne
Minut.S (Figure la, b) . These tests were performed on the specimen four days after admission, when creatinine was 22 mg/L (none of the blood collected at admission remained).
Extraneous material was also demonstrated when we quantified phenytoin on serum from the methanol-intoxicated #{149} patient by HPLC with ultraviolet detection (Figure 2a ). In addition to the phenytoin and internal standard peaks, a third peak was demonstrated that migrated with the same retention time as the antiepileptic drug ethosuximide.
By altering the chromatographic conditions, however, we were able to demonstrate that this substance was not ethosuximide.
None of the drugs administered to the patient during his initial hos- or their metabolites, accounted for this unknown peak.
We then attempted to determine how the interfering agent might be formed. Because the serum contained large amounts of methanol and, presumably, metabolites of methanol, we supplemented a control serum with methanol, formaldehyde, and formate, and analyzed for creatinine ( Table 2) . Addition of methanol or formate had no effect. Addition of formaldehyde increased the apparent creatinine by 50%. Subsequent studies showed, however, that a solution of formaldehyde alone will yield an apparent creatinine value, and the apparent creatinine value after the addition of formaldehyde to control serum was actually less than the expected sum of the two. This suggested that creatinine does react with formaldehyde but that the product of this reaction does not react with alkaline picrate. To further characterize this reaction, we performed ultraviolet scans of creatinine plus various amounts of added formaldehyde ( Figure 3 ). As more formaldehyde is added, the absorbance of creatinine at 235 nm gradually disappears as the creatinine is converted to some product(s). Thus the absorbance at 235 nm could be used to monitor the extent of the reaction.
Discussion
There was little diagnostic ambiguity as to the underlying cause of the patient's acidosis. The combination of a high anion gap and metabolic acidosis are associated only with kidney failure, ketoacidosis, lactic acidosis, and acidosis caused by drugs or poisons (13) . The finding of the markedly increased osmolailty suggested that some low-molecular-mass toxin must have been ingested (e.g., methanol, ethanol, or ethylene glycol). A slight increase in osmolality could have resulted from some buildup of lactate (not determined for this patient), as well as from the presence of acetoacetic acid (small amounts of ketones found at admission).
Ethanol was eliminated as the cause of the hyperosmolality by the toxicology screen and, although the patient was hypocalcemic, the absence of oxalate crystals in the urine suggested that ethylene glycol was also not ingested (14) . The toxicology report from the State Health Laboratory confirmed that only methanol was present.
Although methanol is not commonly abused, there are many well-documented cases of it in the literature (1-5, 8) . Except for the lack of ocular dysfunction and above-normal creatinine, the physical findings and laboratory results obtained from this patient were consistent with those reported by Bennett et a!. (3) , who studied 323 methanol-intoxicated patients. In that study, the range of arterial blood gas results at admission were: bicarbonate 4-10 mmol/L; pH 7.0-7.2; and Pco2 < 27 mmHg (3.6 kPa). They also noted amylase increases in 14 of 21 patients who were tested and found pancreatic None of these reported cases showed the very abnormal serum concentrations of creatinine seen in this patient. Kidney failure was not seriously considered as the source of his increased creatinine. Only in the late stages of methanol poisoning do creatinine and urea concentrations increase as a result of renal damage. Likewise, massive muscle damage was ruled out, the minor increase of CK observed being probably attributable to the epileptic seizures (15) .
To demonstrate further the atypical aspects of this case, we compared the laboratory values (Table 3) was not increased in this second patient, suggesting that the methanol alone was probably not responsible for the increases found in the first patient. As shown in Figure 2 , the HPLC analysis of the blood of this second patient did not reveal any foreign substances. We believe that the ingestion of methanol alone is not responsible for the abnormalities in creatinine observed, as supported by the studies with creatininase and the HPLC analysis. There was insufficient material from the admission specimens to determine whether the unidentified ultraviolet absorbing material in the phenytoin analysis (Figure 2a ) was the same substance responsible for the interfering Jaff#{233} chromogen in the creatinine assay (serum concentration 489 mg/L) or the unknown chromogen in the HPLC analysis with post-column alkaline picrate ( Figure  1) .
One source of this picrate-positive component in the patient's blood may be additives in commercial methanol preparations; such substances or their metabolites might react with picrate or methanol to become a Jaff#{233}-reactive chromogen. Because the patient was found near his automobile, we examined several related sources of methanol including gasline antifreeze, windshield-wiper fluid, and radiator antifreeze. In addition, the drinking water from his well at home was examined (Department of Health, Laboratory Division, State of Connecticut) and was found to contain trichloroethane, trichloroethylene, benzene, and hydrocarbon gases (methane, propane, and butane). We examined some of these materials in attempts to identify the source of contamination found in his blood, but were not able to find any substance that could account for the abnormal increase in creatinine. Despite the lack of any direct evidence, we believe that the patient's abnormal creatinine was a result of some foreign substance of undetermined origin.
Judging from the serum concentrations of methanol, we estimate that this patient ingested at least 50 g of methanol [assuming 70% of the body weight of this 60-kg man is water (8) . The minimum lethal dose, reported to vary from 25 to 200 g, depends on the length of time between ingestion and treatment (5). Whereas fatalities have been reported with as little as 5 g (3) , early treatment has prevented visual defects in cases of up to 250 g of methanol ingestion (5) . We believe that, in our case, the early treatment with bicarbonate and the patient's tolerance to alcohol due to chronic abuse prevented ocular toxicity. Hospital, Hartford, CT, for his medical discussions.
